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USE OF PDE4 INHIBITORS FOR THE 
TREATMENT OF DIABETES MELLITUS 

TECHNICAL FIELD 

[0001] The invention relates to the use of certain known 
PDE4 inhibitors for the treatment of diabetes mellitus and 
accompanying disorders thereof. 

PRIOR ART 

[0002] In the International Patent Application WO99/ 
14239 compositions for treating diabetes mellitus and obe 
sity are disclosed. The compositions contain at least tWo of 
the active agents A, B and C, Wherein A is at least one 
hormon Which stimulates the production of cAMP, B is at 
least one substance Which inhibits the breakdown of a cyclic 
nucleotide, and C is at least one hormon Which stimulates 
the production of cGMP. In the International Patent Appli 
cation WO01135979 the combined use of a PDE3 and a 
PDE4 inhibitor for the treatment of obesity is disclosed. In 
the International Patent Application WO02/13798 the use of 
a selective cGMP PDE5 inhibitor for the treatment of Insulin 
Resistance Syndrome is disclosed, Wherein the Insulin 
Resistance Syndrome is de?ned as the cocomitant existence 
of tWo or more disease states selected from dyslipidemia, 
hypertension, type 2 diabetes mellitus, impaired glucose 
tolerance, a family history of diabetes, hyperuricaemia and/ 
or gout, a pro-coalgulant state, atherosclerosis and truncal 
obesity. In the unexamined german application DE 
10150517 tetrahydropyridazin-3-one derivatives are 
described Which may be useful inter alia for the treatment of 
diabetes mellitus. In Diabetes 47, pp. 570-575, 1998 is 
disclosed that pentoxyfylline and rolipram may be effective 
in the tratment of autoimmune diabetes or other conditions 
characterized by excessive production of in?ammatory 
cytokines. 

BACKGROUND OF THE INVENTION 

[0003] Diabetes mellitus is on the rise WorldWide and is 
considered to be at an epidemic level by the World Health 
Organization. The clinical manifestation and progression of 
diabetes often vary considerably betWeen countries and 
commonly betWeen ethnic groups in the same country. 
Currently diabetes affects 151 million people WorldWide and 
an estimate 300 million people in 2025. There are tWo main 
forms of diabetes. Type 1 (insulin-dependent diabetes mel 
litus, IDDM) is due primarily to autoimmune-mediated 
destruction of pancreatic [3-cells, resulting in absolute insu 
lin de?ciency. It is the second most common chronic disease 
of children. By contrast, type 2 diabetes (non-insulin-depen 
dent diabetes mellitus, NIDDM) is characterized by insulin 
resistance and Inadequate insulin secretion. A signi?cant 
fraction of individuals originally diagnosed With type 2 
diabetes evolve With time to a type 1 state, Which is de?ned 
as exhibiting anti-[3-cell autoimmunity. 

[0004] Because genetic factors contribute to the develop 
ment of diabetes, the disease displays a strong familial 
aggregation. Although there are monogenic syndromes of 
insulin resistance, in Which a de?nite gene has been iden 
ti?ed as the cause of insulin resistance, these are relative 
rare. The more common presentation of diabetes appears to 
be polygenic. Additionally, behavioural- and lifestyle-re 
lated risk factors exist. Type 2 diabetes is Increasingly 
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common primarily because of increases in the prevalence of 
a sedentary lifestyle and obesity. One of the major argu 
ments for the role of behavioural factors in the etiology of 
diabetes has been the rapid increase in the prevalence and 
incidence of the disease in populations undergoing rapid 
Westernization. The Westernization transition is usually 
accompanied by increases in obesity, decreases in physical 
activity and alterations in dietary intake toWard more calo 
ries, fat and non-complex carbohydrates. 

[0005] Plasma glucose concentrations are normally main 
tained Within a fairly narroW range despite Wide ?uctuations 
in the body’s supply (e.g. meals) and demand (e.g. exercise) 
for nutrients. After an overnight fast, insulin-independent 
tissues, the brain (50%) and splanchnic organs (25%), 
account for most of the total body glucose disposal. Insulin 
dependent tissues, adipose tissue and primarily skeletal 
muscles, are responsible for the remaining 25% of glucose 
utilization. This basal glucose uptake is precisely matched 
by the release of glucose from the liver. In response to 
hyperglycemia after a meal, pancreatic insulin secretion is 
stimulated and the combination of hyperinsulinemia plus 
hyperglycemia promotes glucose uptake (by splanchnic and 
peripheral, primarily muscle, tissues) and suppresses hepatic 
glucose production. It folloWs, therefore, that defects at the 
level of the [3-cell, muscle and liver can lead to the devel 
opment of glucose intolerance and diabetes mellitus. All the 
abnormalities in diabetes basically result from an imbalance 
betWeen insulin sensitivity and insulin secretion. The initial 
stage of diabetes is characterised by impaired glucose tol 
erance and postprandial hyperglycemia. As the disease 
progresses, fasting hyperglycemia is observed. 

[0006] The earliest detectable abnormality in NIDDM is 
an impairment in the body’s ability to respond to insulin. 
Because the pancreas is able to appropriately augment its 
secretion of insulin to offset the insulin resistance, glucose 
tolerance remains normal. With time, hoWever, the beta-cell 
fails to maintain its high rate of insulin secretion and the 
insulin resistance leads to the development of impaired 
glucose tolerance and eventually overt diabetes mellitus. 
The cause of pancreatic “exhaustion” remains unknoWn. 
Insulin resistance in NIDDM involves both hepatic and 
peripheral tissues. In response to both endogenously 
secreted or exogenously administered insulin, hepatic glu 
cose production fails to suppress normally and muscle 
glucose uptake is diminished. The accelerated rate of hepatic 
glucose output is due mainly to augmented gluconeogenesis. 
In muscle many cellular defects in insulin action have been 
described including impaired insulin-receptor tyrosine 
kinase activity, diminished glucose transport, and reduced 
glycogen synthase and pyruvate dehydrogenase activities. 
The abnormalities account for disturbances in the tWo major 
intracellular pathWays of glucose disposal, glycogen syn 
thesis and glucose oxidation. In the earliest stages of 
NIDDM, the major defect involves the inability of insulin to 
promote glucose uptake and storage as glycogen. Other 
potential mechanisms that have been put forWard to explain 
the glucose intolerance include increased levels of free fatty 
acids, chronic loW-grade activation of the immune system 
(increased levels of TNFO. and IL6), altered skeletal muscle 
blood ?oW, increased conversion of amylin to its insoluble 
amyloid form and glucose toxicity. 

[0007] Diabetes is associated With a variety of physiologic 
disorders such as hypertension and dyslipidemia. Diabetes 
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also increases the risk of macrovascular (coronary artery 
disease, stroke, amputation) and microvascular (blindness, 
renal failure, neuropathies) diseases. Myocardial infarction, 
stroke or renal failure are the cause of death for more than 
70% of diabetes patients. The huge mortality and debilitat 
ing neuropathies associated With diabetes underline the 
importance of active medical intervention. 

[0008] There are several Ways to counteract diabetes. The 
?rst is lifestyle adjustments aimed at improving endogenous 
insulin sensitivity. This can be achieved by increased physi 
cal activity and bodyWeight reduction With diet and behav 
ioural modi?cation. Unfortunately, most people With non 
insulin-dependent diabetes mellitus never receive suf?cient 
nutritional education or are not capable of complying With a 
strict diet regimen. 

[0009] Another therapeutic Way involves increasing insu 
lin availability by the administration of exogenous insulin, 
insulin analogues and insulin secretagogues such as sulpho 
nylureas. The primary mode of action of sulphonylureas is 
through the depolarisation of the pancreatic 5-cells by 
blocking the ATP-dependent potassium channels and caus 
ing an in?ux of calcium ions, Which stimulate insulin 
secretion. The most frequently encountered adverse effect of 
insulin, insulin analogues and insulin secretagogues is 
hypoglycemia. BodyWeight gain can also be a concern, 
because insulin not only increases uptake of blood glucose 
but also promotes the synthesis and storage of lipids. 

[0010] Biguanides, of Which metformin is the most com 
monly used, also have proven to be effective anti-hyperg 
lycemic agents. Metformin reduces hepatic gluconeogenesis 
and basal hepatic glucose output. Its most serious adverse 
effect is lactic acidosis. Other common adverse effects of 
metformin are nausea and anorexia. Oral antidiabetics such 
as sulphonylureas and metformin as monotherapy or in 
combination have been shoWn to decrease fasting plasma 
glucose levels, but postprandial hyperglycemia persists in 
more than 60% of patients and probably accounts for 
sustained increases of hemoglobin A1C levels. 

[0011] ot-Glucosidase inhibitors, e.g. acarbose and migli 
tol, primarily target postprandial hyperglycemia. The 
therapy of diabetes mellitus With ot-glucosidase inhibitors is 
based on a delayed intestinal degradation of starch and 
sucrose. These carbohydrates must be hydrolysed by ot-glu 
cosidases to monosaccharides before they can be transported 
through the mucosa of the small intestine. The reversible 
inhibition of the brush border glucosidases results in redis 
tribution of carbohydrate absorption from the upper portion 
of the gut to a more extended surface area covering the 
Whole length of the small intestine. This is accompanied by 
a delayed absorption of monosaccharides and a decrease in 
the postprandial elevation of blood glucose. Common 
adverse effects of ot-Glucosidase inhibitors are symptoms of 
carbohydrate malabsorption and gastrointestinal discomfort. 

[0012] Another class of antidiabetic drugs are thiaZo 
lidinediones, such as rosiglitaZone and pioglitaZone, Which 
are insulin sensitiZers and act through activation of peroxi 
some proliferator-activated receptor y (PPARY). PPARY is 
mainly expressed in adipose tissues, plays an Important role 
in adipogenesis and modi?es fatty acid synthesis and stor 
age. Binding of rosiglitaZone to PPARY results in reduced 
endogenous glucose production and increased blood glucose 
uptake. It increases the sensitivity of skeletal muscle, liver 
and adipose tissues to insulin. Improvements in glucose 
metabolism With rosiglitaZone treatment are closely corre 
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lated With decreased plasma free fatty acid metabolism. The 
stimulation by rosiglitaZone of PPARY in adipose tissue and 
subsequent adipocyte differentiation results in the genera 
tion of more, but smaller, adipocytes Which are more insulin 
sensitive and produce less free fatty acid, TNFO. and leptin. 
Common adverse effects of rosiglitaZone are anemia, 
oedema and increased body Weight. 

DESCRIPTION OF THE INVENTION 

[0013] It is therefore the object of the present invention to 
make available a preparation for the treatment of diabetes 
mellitus Which overcomes the abovementioned disadvan 
tages. 

[0014] The object on Which the invention is based is 
surprisingly achieved by the use of certain knoWn PDE4 
inhibitors. 

[0015] The expression “PDE4 inhibitor” as used herein 
means a compound that only or essentially only inhibits the 
PDE4 enzyme, not a compound Which Inhibits to a degree 
of exhibiting a therapeutic effect also other members of the 
PDE enZyme family. 

[0016] PDE4 inhibitors that may be usefully employed in 
the present invention are those Which are named expressis 
verbis as an example or are described and/or claimed 
generically in the folloWing patent applications or patents 
[hereinafter referred to as SELECTED PDE4 INHIBI 
TORs]: WO9501338, WO9603399, WO9636625, 
WO9636626, WO9728131, WO9735854, WO9807715, 
WO9808841, WO9821207, WO9821209, WO9831674, 
WO9905111, WO9905112, WO9905113, WO9931071, 
WO9931090, WO9957115, WO9964414, WO0001695, 
WO0042017, WO0042018, WO0042019, WO0042020, 
WO0042034, WO0130766, WO0130777, WO0151470, 
WO0205616, WO0206238, WO0206239, WO0206270, 
WO02064584, WO02085885, WO2004/017974, WO2004/ 
018449, WO2004/018450, WO2004/01857, WO2004/ 
019944 and WO2004/0l9945. 

[0017] One group of PDE4 inhibitors that may be prefer 
ably employed in the present invention [hereinafter referred 
to as “SELECTED PDE4 INHIBITORSiEMBODIMENT 
Al includes a compound of formula 1 

(1) 

in Which 

[0018] R1 is hydroxyl, l-4C-alkoxy, 3-7C-cycloalkoxy, 
3-7C-cycloalkylmethoxy or completely or predomi 
nantly ?uorine-substituted l4C-alkoxy, 
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[0114] (—) -cis-8,9-Dimethoxy-6-[ (4 -methoxy-3 -pyrroli 
din-1-yl)phenyl]-1,2,3,4,4a,10b-hexahydrophenanthri 
dine; 

[0115] (—) -cis-8,9-Dimethoxy-6-[4-methoxy-3 -(2 -oXopyr 
rolidin-1-yl)phenyl]-1,2,3,4,4a,10b-hexahydrophenan 
thridine; 

[011 6] (—)-cis -,9-DimethoXy-6-{[3-(2,5dioxopyrrolidin 
1-yl)-4-methoxy]phenyl}-1,2,3,4,4a,10b-hexahydro 
phenanthri dine; 

[0117] (—)-cis-8,9-DimethoXy-6-(3 -acetylphenyl)-1 ,2,3 ,4, 
4a, 1 Ob-hexahydrophenanthridine and 

[0118] (—)-cis-8,9-DimethoXy-6-[4-propionylphenyl]-1,2, 
3,4,4a,10b-hexahydrophenanthridine; 

[0119] or a pharmaceutically acceptable salt or a N-Oxide 
thereof or a pharmaceutically acceptable salt of the latter. 

[0120] SELECTED PDE4 INHIBITORs - EMBODI 
MENT A, Which are preferred include a compound selected 
from 

[0121] (—)-cis-8,9-DimethoXy-6-(4-benZoylphenyl)-1,2,3, 
4,4a,10 b-hexahydrophenanthridine and 

[0122] (—)-cis-8,9-DimethoXy-6-[3,4-bis-(cyclopropyl 
methoxy)phenyl]- 1 ,2,3 ,4,4a, 10b -hexahydrophenanthri 
dine; 

[0123] or a pharmaceutically acceptable salt or a N-Oxide 
thereof or a pharmaceutically acceptable salt of the latter. 

[0124] SELECTED PDE4 INHIBITORsiEMBODI 
MENT A, Which are particularly preferred include a com 
pound selected from 

[0125] (—)-cis-8,9-DimethoXy-6-(4-benZoylphenyl)-1,2,3, 
4,4a, 1 Ob-hexahydrophenanthrldine and 

[0126] (—)-cis-8,9-DimethoXy-6-[3,4-bis-(cyclopropyl 
methoxy)phenyl]- 1 ,2,3 ,4,4a, 10b -hexahydrophenanthri 
dine; 

[0127] or a pharmaceutically acceptable salt thereof. 

[0128] Another group of PDE4 inhibitors that may be 
preferably employed in the present invention [hereinafter 
referred to as “SELECTED PDE4 INHIBITORsiEM 
BODIMENT B”] includes a compound of formula 2 

(2) 
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in Which 

[0129] R1 and R2 are both hydrogen or together form 
an additional bond, 

[0130] R3 represents a benZene derivative of formula 
(a) or (b) 

(b) 

Wherein 

[0131] R4 is 1-4C-alkoxy or 1-4C-alkoxy Which is 
completely or predominantly substituted by ?uorine, 

[0132] R5 is l-8C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cy 
cloalkylmethoxy, or 1-4C-alkoxy Which is completely 
or predominantly substituted by ?uorine, 

[0133] R6 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cy 
cloalkylmethoxy, or 1-4C-alkoxy Which is completely 
or predominantly substituted by ?uorine, 

[0134] R7 is 1-4C-alkyl and 

[0135] R8 is hydrogen or 1-4C-alkyl, 

[0136] or Wherein 

[0137] R7 and R8 together and With inclusion of the tWo 
carbon atoms, to Which they are bonded, form a spiro 
linked 5-, 6- or 7-membered hydrocarbon ring, option 
ally interrupted by an oxygen or sulphur atom, 

[0139] R10 is 1-4C-alkyl, 5-dimethylaminonaphthalin 
1-yl, iN(R16)R17, phenyl or phenyl substituted by 
R18 and/or R19, 

[0140] R11 is iN(R16)R17, 

[0141] R12 is iN(R16)R17, 
[0142] R13 is 1-4C-alkyl, hydroxycarbonyl-l-4C-alkyl, 

phenyl, pyridyl, 4-ethyl-piperaZin-2,3-dion-1-yl or 
iN(R16)R17, 

[0143] R14 is iN(R16)R17, 

[0144] R15 is iN(R16)R17, phenyl, phenyl substituted 
by R18 and/or R19 and/or R20, 

[0145] R16 and R17 are independent from each other 
hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl, 3-7C-cy 
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cloalkyl-methyl, phenyl or phenyl substituted by R18 
and/or R19 and/or R20, or R16 and R17 together and 
With inclusion of the nitrogen atom to Which they are 
bonded, form a 4-morpholinyl-, 1-pyrrolidinyl-, 1-pip 
eridinyl-, 1-heXahydroaZepino- or a 1-piperaZinyl-ring 
of formula (c) 

(C) 

Wherein 

[0146] R21 is pyrid-4-yl, pyrid4-ylmethyl, 1-4C-alkyl 
dimethylamino, dimethylaminocarbonylmethyl, N-me 
thyl-piperidin-4-yl, 4morpholino-ethyl or tetrahydrofu 
ran-2-ylmethyl, 

[0147] R18 is halogen, nitro, cyano, carboxyl, 1-4C 
alkyl, tri?uoromethyl, 1-4C-alkoxy, 1-4C-alkoxycarbo 
nyl, amino, mono-or di-1-4C-alkylamino, aminocarbo 
nyl, 1-4C-alkylcarbonylamino or mono-or di-1-4C 
alkylaminocarbonyl, 

[0148] R19 is halogen, amino, nitro, 1-4C-alkyl or 
1-4C-alkoxy, 

[0149] R20 is halogen, 

[0150] Hetaryl is pyrimidin-2-yl, thieno-[2,3d]pyrimi 
din-4 -yl, 1 -methyl-1H-pyraZolo-[3,4d]pyrimidin-4-yl, 
thiaZolyl, imidaZolyl or furanyl, 

[0151] Aryll is pyridyl, phenyl or phenyl substituted by 
R18 and/or R19, 

[0152] Aryl2 is pyridyl, phenyl, phenyl substituted by 
R18 and/or R19, 2oXo-2H-chromen-7-yl or 4(1,2,3 
thiadiaZol-4-yl)phenyl, 

[0153] n is an integer from 1 to 4, 

[0154] m is an integer from 1 to 4, 

[0155] or a pharmaceutically acceptable salt or a N-oxide 
thereof or a pharmaceutically acceptable salt of the latter. 

[0156] SELECTED PDE4 lNHlBlTORsiEMBODl 
MENT B, Which are to be emphasized include a compound 
of formula 2, in Which 

[0157] R1 and R2 together form an additional bond, 

[0158] R3 represents a benZene derivative of formula 
(a) or (b) 
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-continued 
(b) 

Wherein 

[0159] R4 is 1-4C-alkoxy, 

[0160] R5 is 1-4C-alkoxy, 

[0161] R6 is 1-2C-alkoxy, 

[0162] R7 is methyl and 

[0163] R8 is hydrogen, 

[0164] R9 is 1-4C-alkyl, iS(O)2R10, %(O)R13, 
%(O)i(CH2)niR14, i(CH2)m%(O)iR15, 
Hetaryl, Aryll or Aryl2-(1-2C-)alkyl, 

[0165] R10 is 1-4C-alkyl, 5-dimethylaminonaphthalin 
1-yl, phenyl or phenyl substituted by R18, 

[0166] R13 is 1-4C-alkyl, hydroxycarbonyl- 1 -4C-alkyl, 
pyridyl, 4ethyl-piperaZin-2,3 -dion-1 -yl or 
iN(R1 6)R1 7, 

[0167] R14 is iN(R16)R17, 

[0168] R15 is iN(R16)R17, phenyl or phenyl substi 
tuted by R18 and/or R19 and/or R20, 

[0169] R16 and R17 are independent from each other 
hydrogen, 1-4C-alkyl, phenyl or phenyl substituted by 
R18 and/or R19 and/or R20, or R16 and R17 together 
and With inclusion of the nitrogen atom to Which they 
are bonded, form a 4-morpholinyl ring or a 1-piperaZi 
nyl ring of formula (c) 

(C) 

Wherein 

[0170] R21 is dimethylamino-1-4C-alkyl, 

[0171] R18 is halogen, nitro, 1-4C-alkyl or 1-4C 
alkoxycarbonyl, 

[0172] R19 is amino, 

[0173] R20 is halogen, 

[0174] Hetaryl is pyrimidin-2-yl, thieno-[2,3-d]pyrimi 
din-4-yl or 1-methyl-1H-pyraZolo-[3,4-]pyrimidin-4 
yl, 

[0175] Aryll is phenyl or phenyl substituted by R18, 
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[0215] (4aS,8aR)-4-(3,4-Dimethoxy-phenyl)-2-(1-pyri 
din-2-ylmethyl-piperidin-4 -yl) -4a,5 ,8,8a-tetrahydro -2H 
phthalaZin- 1 -one, 

[021 6] 2-{4-[(4aS,8aR)-4-(3,4-Dimethoxyphenyl)-1-oxo 
4a,5,8,8a-tetrahydro-1H-phthalaZin-2-yl]-piperidin-1 
yl } -acetamide, 

[0217] or a pharmaceutically acceptable salt or a N-oxide 
thereof or a pharmaceutically acceptable salt of the latter. 

[0218] SELECTED PDE4 lNHlBlTORsiEMBODl 
MENT B, Which are particularly preferred include a com 
pound selected from 

[0219] (4aS,8aR)-4-(3,4-Dimethoxyphenyl)-2-(1-pyrimi 
din-2-yl-piperidin-4 -yl)4a, 5, 8, 8a-tetrahydro-2H-ph 
thalaZin-1 -one, 

[0220] (4aS,8aR)-4-(3,4-Dimethoxy-phenyl)-2-(1-pyri 
din-2-ylmethyl-piperidin-4 -yl) -4a,5 ,8,8-tetrahydro -2H 
phthalaZin- 1 -one, 

[0221] 2-{4-[(4aS,8aR)-4-(3,4-Dimethoxyphenyl)-1-oxo 
4a,5,8,8a-tetrahydro-1H-phthalaZin-2-yl]-piperidin-1yl} 
acetamide, 

[0222] or a pharmaceutically acceptable salt thereof. 

[0223] A further group of PDE4 inhibitors that may be 
preferably employed in the present invention [hereinafter 
referred to as “SELECTED PDE4 lNHlBlTORsiEmbodi 

ment C”] include a compound selected from (+)-cis-8,9 
Dimethoxy-6-(4-carboxyphenyl)-1,2,3,4,4a,10b-hexahy 
drophenanthridine and (—)-cis-6-[4-(2-Ethyl-2H-tetraZol-5 
yl)-phenyl]-8,9-dimethoxy-1,2,3,4,4a,10b 
hexahydrophenanthridine 
[0224] or a pharmaceutically acceptable salt or a N-Oxide 
thereof or a pharmaceutically acceptable salt of the latter. 

[0225] Particularly preferred SELECTED PDE4 INHIBI 
TORsiEMBODlMENT C include a compound selected 
from 

[0226] (+)-cis-8,9-Dimethoxy-6-(4-carboxyphenyl)-1,2,3, 
4,4a, 1 Ob-hexahydrophenanthridine and 

[0227] (—)-cis-6-[4-(2-Ethyl-2H-tetraZol-5-yl)-phenyl]-8, 
9-dimethoxy-1,2,3,4,4a,10b-hexahydrophenanthridine or 
a pharmaceutically acceptable salt thereof. 

[0228] 1-4C-Alkyl represents a straight-chain or branched 
alkyl radical having 1 to 4 carbon atoms. Examples Which 
may be mentioned are the butyl, isobutyl, sec-butyl, tert 
butyl, propyl, isopropyl and preferably the ethyl and methyl 
radicals. 

[0229] 1-7C-Alkyl is a straight-chain or branched alkyl 
radical having 1 to 7 carbon atoms. Examples are the heptyl, 
isoheptyl (5-methylhexyl), hexyl, isohexyl (4-methylpen 
tyl), neohexyl (3,3-dimethylbutyl), pentyl, isopentyl (3-me 
thylbutyl), neopentyl (2,2-dimethylpropyl), butyl, isobutyl, 
sec-butyl, tert-butyl, propyl, isopropyl, ethyl and methyl 
radicals. 

[0230] 1-4C-Alkoxy represents radicals Which, in addition 
to the oxygen atom, contain a straight-chain or branched 
alkyl radical having 1 to 4 carbon atoms. Examples Which 
may be mentioned are the butoxy, isobutoxy, sec-butoxy, 
tert-butoxy, propoxy, isopropoxy and preferably the ethoxy 
and methoxy radicals. 
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[0231] 1-8C-Alkoxy is a radical Which, in addition to the 
oxygen atom, contains a straight-chain or branched alkyl 
radical having 1 to 8 carbon atoms. Alkoxy radicals having 
1 to 8 carbon atoms Which may be mentioned in this context 
are, for example, the octyloxy, heptyloxy, isoheptyloxy 
(5-methylhexyloxy), hexyloxy, isohexyloxy (4-methylpen 
tyloxy), neohexyloxy (3,3-dimethylbutoxy), pentyloxy, iso 
pentyloxy (3 -methylbutoxy), neopentyloxy (2,2-dimethyl 
propoxy), butoxy, isobutoxy, sec-butoxy, tert-butoxy, 
propoxy, isopropoxy, ethoxy and methoxy radicals. 

[0232] 3-7C-Cycloalkoxy represents cyclopropyloxy, 
cyclobutyloxy, cyclopentyloxy, cyclohexyloxy and cyclo 
heptyloxy, of Which cyclopropyloxy, cyclobutyloxy and 
cyclopentyloxy are preferred. 

[0233] 3-7C-Cycloalkylmethoxy represents cyclopropyl 
methoxy, cyclobutylmethoxy, cyclopentylmethoxy, cyclo 
hexylmethoxy and cycloheptylmethoxy, of Which cyclopro 
pylmethoxy, cyclobutylmethoxy and cyclopentylmethoxy 
are preferred. 

[0234] As completely or predominantly ?uorine-substi 
tuted 1-4C-alkoxy, for example, the 2,2,3,3,3-penta?uoro 
propoxy, the per?uoroethoxy, the 1,2,2-tri?uoroethoxy, in 
particular the 1,1,2,2-tetra?uoroethoxy, the 2,2,2-tri?uoro 
ethoxy, the tri?uoromethoxy and preferably the di?uo 
romethoxy radicals may be mentioned. “Predominantly” in 
this connection means that more than half of the hydrogen 
atoms are replaced by ?uorine atoms. 

[0235] As spiro-linked 5-, 6- or 7-membered hydrocarbon 
rings, optionally interrupted by an oxygen or sulphur atom 
in the compounds of formula 2, may be mentioned the 
cyclopentane, cyclohexane, cycloheptane, tetrahydrofuran, 
tetrahydropyran and the tetrahydrothiophen ring. 

[0236] 1-2C-Alkylenedioxy represents, for example, the 
methylenedioxy [4OiCH2iOi] and the ethylenedioxy 
[iO4CH24CH24Oi] radicals. 

[0237] If R3 and R31 in the compounds of formula 1 
together have the meaning 1-4C-alkylene, the positions 1 
and 4 in compounds of the formula I are linked to one 
another by a 1-4C-alkylene bridge, 1-4C-alkylene represent 
ing straight-chain or branched alkylene radicals having 1 to 
4 carbon atoms. Examples Which may be mentioned are the 
radicals methylene [iCHzi], ethylene [iCH2iCH2], 
trimethylene [4CH24CH2iCH2i], 1,2-dimethylethylene 
[iCH(CH3)iCH(CH3)i] and isopropylidene 
[*C(CH3)2*] 
[0238] If R5 and R51 in the compounds of formula 1 
together are an additional bond, then the carbon atoms in 
positions 2 and 3 in compounds of the formula I are linked 
to one another via a double bond. 

[0239] Halogen Within the meaning of the invention is 
bromine, chlorine or ?uorine. 

[0240] 3-7C-Cycloalkyl represents cyclopropyl, cyclobu 
tyl, cyclopentyl, cyclohexyl and cycloheptyl, of Which 
cyclopropyl, cyclobutyl and cyclopentyl are preferred. 

[0241] 3-7C-Cycloalkylmethyl represents a methyl radical 
Which is substituted by one of the abovementioned 3-7C 
cycloalkyl radicals. Preferably, the 3-5C-cycloalkylmethyl 
radicals cyclopropylmethyl, cyclobutylmethyl and cyclo 
pentylmethyl may be mentioned. 
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[0242] l-4C-Alkoxy-l -4C-alkyl represents one of the 
abovementioned l-4C-alkyl radicals, Which is substituted by 
one of the abovementioned l-4C-alkoxy radicals. Examples 
Which may be mentioned are the methoxymethyl, the meth 
oxyethyl and the isopropoxyethyl radicals. 

[0243] Phenyl-l-4C-alkyl represents one of the above 
mentioned, phenyl-substituted l-4C-alkyl radicals. 
Examples Which may be mentioned are the phenethyl and 
the benZyl radicals. 

[0244] l-4C-Alkylcarbonyl represents a radical Which, in 
addition to the carbonyl group, contains one of the above 
mentioned l-4C-alkyl radicals. An example Which may be 
mentioned is the acetyl radical. 

[0245] 3-7C-Cycloalkylcarbonyl represents a radical 
Which, in addition to the carbonyl group, contains one of the 
abovementioned 3-7C-cycloalkyl radicals. An example 
Which may be mentioned is the cyclopentylcarbonyl radical. 

[0246] 3-7C-Cycloalkylmethylcarbonyl represents a radi 
cal Which, in addition to the carbonyl group, contains one of 
the abovementioned 3-7C-cycloalkylmethyl radicals. An 
example Which may be mentioned is the cyclopropylmeth 
ylcarbonyl radical. 

[0247] l-4C-Alkoxycarbonyl represents a carbonyl group 
to Which one of the abovementioned l-4C-alkoxy radicals is 
bonded. Examples Which may be mentioned are the meth 
oxycarbonyl [CH34OiC(O)i] and the ethoxycarbonyl 
[CH3CH2O4C(O)i] radicals. 

[0248] l-4C-Alkylcarbonyloxy represents a carbonyloxy 
group to Which one of the abovementioned l-4C-alkyl 
radicals is bonded. An example Which may be mentioned is 
the acetoxy radical [CH3C(O)iOi]. 

[0249] In addition to the carbonyl group, mono- or di-l 
4C-alkylaminocarbonyl radicals contain one of the above 
mentioned mono- or di-l -4C-alkylamino radicals. Examples 
Which may be mentioned are the N-methyl-, the N,N 
dimethyl-, the N-ethyl-, the N-propyl-, the N,N-diethyl- and 
the N-isopropylaminocarbonyl radicals. 

[0250] In addition to the nitrogen atom, mono- or di-l 
4C-alkylamino radicals contain one or tWo of the above 
mentioned l-4C-alkyl radicals. Di-l-4C-alkylamino is pre 
ferred and here, in particular, dimethyl-, diethyl- or 
diisopropylamino. 

[0251] As a l-4C-alkylcarbonylamino radical, for 
example, the propionylamino [C3H7C(O)NHi] and the 
acetylamino [CH3C(O)NHi] radicals may be mentioned. 

[0252] Exemplary phenyl radicals substituted by R6, R13 
and R20 in the compounds of formula 1 Which may be 
mentioned are 3-phenoxyphenyl, 4-phenoxyphenyl, 3-ben 
Zyloxyphenyl, 4-benZyloxyphenyl, 3-phenethoxyphenyl, 
4-phenethoxyphenyl, 3-benZyloxy-4-methoxyphenyl, 
4-benZyloxy-3-methoxyphenyl, 3-benZyloxy-5-methox 
yphenyl, 4-benZyloxy-3-cyclopropylmethoxyphenyl, 3-cy 
clopentyloxyphenyl, 4-cyclopentyloxyphenyl, 4-cyclohexy 
loxyphenyl, 3-cyclohexyloxyphenyl, 
3-cyclopropylmethoxyphenyl, 4-cyclopropylmethoxyphe 
nyl, 3-cyclopropylmethoxy-4-methoxyphenyl, 3-cyclopro 
pylmethoxy-4-di?uoromethoxyphenyl, 3-cyclopropyl 
methoxy-4-ethoxyphenyl, 4-cyclopropylmethoxy-3 
methoxyphenyl, 3-cyclopropylmethoxy-5-methoxyphenyl, 
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bis-3,4-cyclopropylmethoxyphenyl, bis-3,5-cyclopropyl 
methoxyphenyl, 3,4-dicyclopentyloxyphenyl, 3-cyclopenty 
loxy-4-methoxyphenyl, 4-cyclopentyloxy-3-methoxyphe 
nyl, 3-cyclopropylmethoxy-4-cyclopentyloxyphenyl, 
3-cyclopentyloxy-5methoxyphenyl, 4cyclopropylmethoxy 
3 -cyclopentyloxyphenyl, 3 -cyclobutyloxy-4-methoxyphe 
nyl, 4-(3-hydroxyphenoxy)phenyl, 4-(4-hydroxyphenox 
y)phenyl, 3-methoxyethoxy-4-methoxyphenyl, 
3-cyclopropylmethoxy-4-acetylaminophenyl, 4-mercap 
tophenyl, 4-ethylthiophenyl, 2-methylthiophenyl, 4-meth 
ylthiophenyl, 4-tri?uoromethylthiophenyl, 4-methylthio-3 
nitrophenyl, 4-phenylthiophenyl, 3-phenylthiophenyl, 
2-methoxy-4-methylthiophenyl, 4-[(4-chlorophenyl)thio]-3 
nitrophenyl, 3-methylsulfonyloxyphenyl, 4-methylsulfony 
loxyphenyl, 3-(p-toluenesulfonyloxy)phenyl, 4-(p-toluene 
sulfonyloxy)phenyl, 4-[(4-?uorophenyl)sulfonyloxy] 
phenyl, 3-[(4-?uorophenyl)sulfonyloxy]-4-nitrophenyl, 
3-[(4-chlorophenyl)sulfonyloxy]-4-nitrophenyl, 4-[(4-chlo 
rophenyl)sulfonyloxy]phenyl, 4-[(4-bromophenyl)sulfony 
loxy]phenyl, 4-(pyrid-4-ylcarbonyl)phenyl, 4-(4-carboxy 
benZoyl)phenyl, 4-(2-carboxybenZoyl)phenyl, 4-(2 
bromobenZoyl)phenyl, 4-(3-bromobenZoyl)phenyl, 4-(3 
methoxybenZoyl)phenyl, 4-(4-methoxybenZoyl)phenyl, 
2-benZoylphenyl, 3-benZoylphenyl, 4-benZoylphenyl, 4-(4 
chlorobenZoyl)phenyl, 4-(3-chlorobenZoyl)phenyl, 4-(4-cy 
anobenZoyl)phenyl, 4-(4-nitrobenZoyl)phenyl, 4-(4-methyl 
benZoyl)phenyl, 3-acetylphenyl, 4-acetylphenyl, 
4-ethylcarbonylphenyl, 4-isobutylcarbonylphenyl, 4-cyclo 
propylmethylcarbonylphenyl, 3,4-diacetylphenyl, 3,5-di 
acetylphenyl, 5 -acetyl-2 -hydroxyphenyl, 3 -(piperidin-l -yl 
carbonyl)-phenyl, 4-(piperidin- l -yl-carbonyl)phenyl, 
4-methoxycarbonylmethylphenyl, 4-(morpholin-4-ylmeth 
yl)phenyl, 4-(4 -methylpiperaZin- l -ylmethyl)phenyl, 3 -dim 
ethylsulfamoyloxyphenyl, 4-dimethylsulfamoyloxyphenyl, 
3chloro-4-dimethylsulfamoyloxyphenyl, 3-methylsulfony 
loxy-4-nitrophenyl, 4-chloromethylphenyl, 3-chlorometh 
ylphenyl, 3-(phenylsulfonyl)phenyl, 4-(phenylsulfonyl)phe 
nyl, 3-(4-methoxyphenoxy)phenyl, 3-(pyrid-4 
yloxy)phenyl, 4-(pyrid-4-yloxy)phenyl, 3-pyrrolidinyl4 
methoxyphenyl, 3 - (pyrrolidin-2 -on-l -yl)phenyl and 
3 -(pyrrolidin-2, 5dion-l -yl)phenyl. 
[0253] Salts encompassed Within the term “pharmaceuti 
cally acceptable salts” refer to non-toxic salts of the com 
pounds Which are generally prepared by reacting a free base 
With a suitable organic or inorganic acid or by reacting the 
acid With a suitable organic or inorganic base. Particular 
mention may be made of the pharmaceutically acceptable 
inorganic and organic acids customarily used in pharmacy. 
Those suitable are in particular Water-soluble and Water 
insoluble acid addition salts With acids such as, for example, 
hydrochloric acid, hydrobromic acid, phosphoric acid, nitric 
acid, sulfuric acid, acetic acid, citric acid, D-gluconic acid, 
benZoic acid, 2-(4-hydroxybenZoyl)-benZoic acid, butyric 
acid, sulfosalicylic acid, maleic acid, lauric acid, malic acid, 
fumaric acid, succinic acid, oxalic acid, tartaric acid, 
embonic acid, stearic acid, toluenesulfonic acid, methane 
sulfonic acid or l-hydroxy-2-naphthoic acid, the acids being 
employed in salt preparation4depending on Whether it is a 
mono- or polybasic acid and depending on Which salt is 
desirediin an equimolar quantitative ratio or one differing 
therefrom. Preferred are in this connection the salts With 
hydrochloric acid. 
[0254] As examples of salts With bases are mentioned the 
lithium, sodium, potassium, calcium, aluminium, magne 
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sium, titanium, ammonium, meglumine or guanidinium 
salts, here, too, the bases being employed in salt preparation 
in an equimolar quantitative ratio or one differing therefrom. 

[0255] It is understood that the active compounds and their 
pharmaceutically acceptable salts mentioned can also be 
present, for example, in the form of their pharmaceutically 
acceptable solvates, in particular in the form of their 
hydrates. 

[0256] The preparation of the SELECTED PDE4 INHIBI 
TORsiEMBODIMENT A as Well as their use as PDE4 

inhibitors is described in WO00/42020. The preparation of 
the SELECTED PDE4 INHIBITORsiEMBODIMENT B 
as Well as their use as phosphodiesterase (PDE) 4 inhibitors 
is described in WO02/064584 and WO2004/018450. The 
preparation of the SELECTED PDE4 INHIBITORsiEM 
BODIMENT C as Well as their use as PDE4 inhibitors is 

described in WO97/28131, WO99/05l ll, WO0O/42034 
and WO02/06239. 

[0257] It has noW been found that the SELECTED PDE4 
INHIBITORs mentioned above reduce the postprandial 
hyperglycemia and after prolonged treatment also the fasting 
hyperglycemia. This is an advantage to insulin secreta 
gogues, biguanides and ot-Glucosidase inhibitors Which 
improve either fasting or postprandial hyperglycemia. In 
contrast to insulin and insulin secretagogues, the 
SELECTED PDE4 INHIBITORs do not induce hypoglyce 
mia. Mice treated With the SELECTED PDE4 INHIBITORs 
mentioned above did not suffer highly increased lactate 
levels or keto acidosis, common adverse effects of bigu 
anides. As Well, anemia frequently accompanying rosiglita 
Zone treatment Were not observed. 

[0258] Thus, a ?rst aspect of the present invention is the 
use of a SELECTED PDE4 INHIBITOR in the production 
of a pharmaceutical composition for the treatment of dia 
betes mellitus. 

[0259] A further aspect of the present invention is the use 
of a SELECTED PDE4 INHIBITOR in the production of a 
pharmaceutical composition for the treatment of diabetes 
mellitus and for the prevention of disorders Which are 
related to diabetes mellitus. 

[0260] A still further aspect of the present invention is the 
use of a SELECTED PDE4 INHIBITOR in the production 
of a pharmaceutical composition for the treatment of dia 
betes mellitus and for the prevention and/or treatment of 
disorders Which are related to diabetes mellitus. 

[0261] The invention further relates to a method for treat 
ing diabetes mellitus comprising administering to a patent in 
need thereof an effective amount of a SELECTED PDE4 
INHIBITOR. 

[0262] The invention additionally relates to a method for 
treating diabetes mellitus and for preventing disorders Which 
are related to diabetes mellitus comprising administering to 
a patient in need thereof an effective amount of a 
SELECTED PDE4 INHIBITOR. 

[0263] The invention as Well relates to a method for 
treating diabetes mellitus and for preventing and/or treating 
disorders Which are related to diabetes mellitus, comprising 
administering to a patient in need thereof an effective 
amount of a SELECTED PDE4 INHIBITOR. 
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[0264] Another aspect of the present invention is a method 
for reducing the postprandial hyperglycemia comprising 
administering to a patient in need thereof for a prolonged 
period of time an effective amount of a SELECTED PDE4 
INHIBITOR. 

[0265] Still another aspect of the present invention is a 
method for reducing the postprandial hyperglycemia com 
prising administering to a patient In need thereof for at least 
5 days an effective amount of a SELECTED PDE4 INHIBI 
TOR. 

[0266] A further aspect of the present invention is a 
method for reducing fasting hyperglycemia, comprising 
administering to a patient in need thereof for a prolonged 
period of time an effective amount of a SELECTED PDE4 
INHIBITOR. 

[0267] Still a further aspect of the present invention is a 
method for reducing fasting hyperglycemia, comprising 
administering to a patient in need thereof for at least 5 days 
an effective amount of a SELECTED PDE4 INHIBITOR. 

[0268] The invention also relates to a method for reducing 
the postprandial hyperglycemia and after prolonged treat 
ment also the fasting hyperglycemia, comprising adminis 
tering to a patient in need thereof an effective amount of a 
SELECTED PDE4 INHIBITOR. 

[0269] The expressions “prolonged treatment” or “for a 
prolonged period of time” stand for a repeated administra 
tion of a SELECTED PDE4 INHIBITOR for at least 5 days. 

[0270] The invention further relates to a ready to use 
pharmaceutical composition, comprising a SELECTED 
PDE4 INHIBITOR as active compound (=therapeutic 
agent), Which contains a reference to the fact that this ready 
to use pharmaceutical composition can be employed in the 
treatment of diabetes mellitus and disorders Which are 
related to diabetes mellitus. 

[0271] The expressions “diabetes mellitus and accompa 
nying disorders” or “diabetes mellitus and disorders Which 
are related to diabetes mellitus” as used herein refers to type 
1 diabetes (insulin-dependent diabetes mellitus, IDDM), 
type 2 diabetes (non-insulin-dependent diabetes mellitus, 
NIDDM), dyslipidemia, keto acidosis, the so called “meta 
bolic syndrome”, insulin resistance and obesitas. Subjects 
With diabetes manifest varying degrees of increased blood 
pressure, increased levels of cholesterol and/ or triglycerides, 
increased levels of uric acid and increased levels of factors 
that promote coagulation. Therefore accompanying disor 
ders of diabetes mellitus are hypertension, hyperlipidemia, 
hyperuricemia or gout and hypercoagulability, that means an 
abnormal, increased tendency to form clots inside blood 
vessels. These disorders are Well-recognized risk factors for 
atherosclerotic macrovascular as Well as microvascular dis 
eases. Atherosclerotic macrovascular diseases include myo 
cardial infarction, stroke and limb amputation. Microvascu 
lar complications involve blindness, renal diseases and 
debilitating neuropathies. 

[0272] The SELECTED PDE4 INHIBITORs according to 
the invention may be administered in a variety of forms. 
These include, for example, liquid, semi-solid and solid 
dosage forms, such as liquid solutions (e.g., injectable and 
infusible solutions), dispersions or suspensions, tablets, 
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pills, powders, liposomes or suppositories. The preferred 
form depends on the intended mode of administration and 
therapeutic application. 
[0273] The most preferred mode of administration of a 
SELECTED PDE4 INHIBITOR is oral. In another preferred 
embodiment the SELECTED PDE4 INHIBITOR is admin 
istered by intravenous infusion or injection. In a further 
embodiment the SELECTED PDE4 INHIBITOR is admin 
istered by intramuscular or subcutaneous injection. Other 
routes of administration are also contemplated, including 
intranasal and transdermal routes, and by inhalation. 

[0274] Typically, the SELECTED PDE4 INHIBITORs 
according to the invention Will be administered in the form 
of a composition comprising the therapeutic agent in con 
junction With pharmaceutically acceptable carriers. In this 
connection “pharmaceutically acceptable carrier” includes 
any and all solvents, dispersion media, coatings, antibacte 
rial, and antifungal agents, isotonic and absorption delaying 
agents, and the like that are physiologically compatible. 
Examples of pharmaceutically acceptable carriers include 
one or more of Water, saline, phosphate buffered saline, 
dextrose, glycerol, ethanol and the like, as Well as combi 
nations thereof. In many cases, it Will be preferable to 
include isotonic agents, for example sugars, polyalcohols 
such as mannitol, sorbitol, or sodium chloride in the com 
position. Pharrnaceutically acceptable carriers may further 
comprise minor amounts of auxiliary substances such as 
Wetting or emulsifying agents, preservatives or buffers, 
Which enhance the shelf life and the effectiveness of the 
therapeutic agent(s). 
[0275] Therapeutic compositions typically must be sterile 
and stable under the condition of manufacture and storage. 
The composition can be formulated, for example, as a 
solution, microemulsion, dispersion, liposome, or other 
ordered structure suitable to high drug concentration. 

[0276] Sterile injectable solutions can be prepared by 
incorporating the therapeutic agent(s) in the required amount 
in an appropriate solvent With one or a combination of 
ingredients enumerated above, as required, folloWed by 
?ltered steriliZation. Generally, dispersions are prepared by 
incorporating the therapeutic agent(s) into a sterile vehicle 
that contains a basic dispersion medium and the required 
other ingredients from those enumerated above. In the case 
of sterile poWders for the preparation of sterile injectable 
solutions, the preferred methods of preparation are vacuum 
drying and freeZe-drying that yields a poWder of the thera 
peutic agent(s) plus any additional desired ingredient from 
the previously sterile ?ltered solution thereof. The proper 
?uidity of a solution can be maintained, for example, by the 
use of a coating such as lecithin, by the maintenance of the 
required particle siZe in the case of dispersion and by the use 
of surfactants. Prolonged absorption of injectable composi 
tions can be brought about by including in the composition 
an agent Which delays absorption, for example, monostear 
ate salts and gelatin. 

[0277] In a preferred embodiment, the therapeutic agent(s) 
of the invention may be orally administered, for example, 
With an inert diluent or an assimilable edible carrier. The 
therapeutic agent(s) may also be enclosed in a hard or soft 
shell gelatine capsule or compressed into tablets. For oral 
therapeutic adminstration the therapeutic agent(s) may be 
incorporated With excipients and used in the form of 
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ingestable tablets, buccal tablets, troches, capsules, elixirs, 
suspensions, syrups, Wafers, and the like. To administer the 
therapeutic agent(s) according to the invention it may be 
necessary to coat the therapeutic agent(s) With, or co 
administer With the therapeutic agent(s) With, a material to 
prevent its inactivation. 

[0278] In certain embodiments, the therapeutic agent(s) 
may be prepared With a carrier that Will protect the agent 
against rapid release, such as a controlled release formula 
tion, including implants, transdermal patches, and microen 
capsulated delivery systems. Biodegradable, biocompatible 
polymers can be used, such as ethylene vinyl acetate, 
polyanhydrides, polyglycolic acid, collagen, polyorthoe 
sters, and poylactic acid. Many methods for the preparation 
of such formulations are generally knoWn to those skilled In 
the art. 

[0279] It is knoWn to the person skilled in the art that the 
optimum dose of an active compound can vary as a function 
of the body Weight, the age and the general condition of the 
patient, and his/her response behavior to the active com 
pound. 

[0280] The optimum dose necessary in each case and 
manner of administration of the active compound can easily 
be ?xed by any person skilled in the art on the basis of his 
expert knoWledge. 

[0281] In case of oral or intravenous administration of a 
SELECTED PDE4 INHIBITOR, the daily dose Will likely 
be in the range from 0.03 to 3 mg/kg body Weight of the 
subject to be treated, preferably by once daily administra 
tion. 

[0282] In one embodiment of the present invention the 
dosage for an adult patient for the SELECTED PDE4 
INHIBITORs (—)-cis-8,9-Dimethoxy-6-(4-benZoylphenyl) 
l,2,3,4,4a, l 0b-hexahydrophenanthridine, (—)-cis-8,9 
Dimethoxy-6-[3 ,4-bis-(cyclopropylmethoxy)phenyl]-l ,2,3, 
4,4a, 10b -hexahydrophenanthridine, (+) -cis-8,9-Dimethoxy 
6-(4-carboxyphenyl)-l,2,3,4,4a,l0b 
hexahydrophenanthridine and (—)-cis-6-[4-(2-Ethyl-2H 
tetraZol-5-yl)-phenyl]-8,9-dimethoxy-l ,2,3,4,4a, 1 0b 
hexahydrophenanthridine is in the range of l to 100 mg once 
daily, preferably in the range of 5 to 15 mg once daily. 

[0283] In one embodiment of the present invention the 
dosage for an adult patient for the SELECTED PDE4 
INHIBITORs (4aS,8aR) -4-(3 ,4-Dimethoxyphenyl) -2-(l - 
pyrimidin-2-yl-piperidin-4-yl)-4a,5,8,8a-tetrahydro-2H-ph 
thalaZin- 1 -one, (4aS,8aR)-4-(3,4-Dimethoxy-phenyl)-2-(l - 

pyridin-2-ylmethyl-piperidin-4-yl)-4a,5,8,8a-tetrahydro 
2H-phthalaZin-l -one or 2-{4-[(4aS, 8aR)-4-(3,4 
Dimethoxyphenyl)-l -oxo-4a, 5, 8, 8a-tetrahydro- l H 
phthalaZin-2-yl]-piperidin-l -yl}-acetamide is betWeen 0.1 
and 10 mg once daily, preferably betWeen 0.5 and 2 mg once 
daily. 

[0284] Pharmacology 

[0285] Model 

[0286] Female C57BLKS db/db mice obtained from M&B 
A/S (8680 Ry, Denmark) Were used In the studies at 10 to 
11 Weeks of age. Mice Were housed 10 per cage and alloWed 
free access to Water and choW (choW 3433, Provimi Kliba 
SA, 4303 Kaiseraugst, SWitZerland). 
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[0287] Experimental Protocol 

[0288] Mice Were allowed to acclimate to the local animal 
facilities for 1 Week and retro-orbital blood samples Were 
obtained 3 to 7 days prior to the start of the study. 

[0289] Mice Were treated With vehicle or a selected PDE4 
inhibitor compound once daily in the morning. The selective 
PDE4 inhibitor compounds to be tested Were suspended in 
4% methocel and applied via oral gavage using oral feeding 
& dosing needles (outer diameter: 1.5 mm, TSE GmbH, 
61350 Bad Homburg, Germany). A volume of 10 ml/kg 
body Weight Was administered for each dose. 

[0290] 10 days studies: Mice Were treated With vehicle or 
a selected PDE4 inhibitor compound once daily in the 
morning. On day 9, mice Were fasted for 24 hours by 
removing choW 1 hour after drug application. On day 10, 
glucose tolerance Was assessed by oral application of 1 
g/kg/ 10 ml glucose. Blood Was sampled 15 minutes after 
glucose application and levels of glucose (accu-chek, Roche 
Diagnostics GmbH, 68298 Mannheim, Germany) Were mea 
sured. 

[0291] 56 days studies: Mice Were treated With vehicle or 
a selected PDE4 inhibitor compound once daily in the 
morning. On day 55, mice Were fasted for 24 hours by 
removing choW 1 hour after drug application. On day 56, 
fasting blood glucose levels Were measured and glucose 
tolerance Was assessed by oral application of 1 g/kg/ 10 ml 
glucose. Blood Was sampled 15 minutes after glucose appli 
cation and levels of glucose (accu-chek, Roche Diagnostics 
GmbH, 68298 Mannheim, Germany) and lactate (lactate 
reagent, Sigma-Aldrich GmbH, 82039 Deisenhofen, Ger 
many) Were measured. 

[0292] Results 

[0293] Table 1 illustrates blood glucose levels 15 minutes 
after glucose application. Mice Were treated 10 days With 
(—)-cis-8,9-DimethoXy-6-[3,4-bis-(cyclopropylmethox 
y)phenyl]-1,2,3,4,4a,10b-hexahydrophenanthridine (COM 
POUND A). 

TABLE 1 

Blood glucose [mg/d1] 

Vehicle (4% methocel) 574 
COMPOUND A — 3 mg/kg 507 

COMPOUND A — 30 Ingkg 411.5 

[0294] Table 2 illustrates blood glucose levels 15 minutes 
after glucose application. Mice Were treated 10 days With 
(—)-cis-8,9-DimethoXy-6-(4-benZoylphenyl)-1,2,3,4,4a,10b 
hexahydrophenanthridine (COMPOUND B). 

TABLE 2 

Blood glucose [mg/d1] 

Vehicle (4% methocel) 500 
COMPOUND A — 3 mg/kg 362 

COMPOUND A — 30 Ingkg 251 

[0295] Table 3 illustrates blood glucose levels 15 minutes 
after glucose application. Mice Were treated 10 days With 
(+)-cis-8,9-DimethoXy-6-(4-carboxyphenyl)-1,2,3,4,4a, 
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10b-hexahydrophenanthridine Hydrochlorid (COMPOUND 
C). 

TABLE 3 

Blood glucose [mg/d1] 

Vehicle (4% methocel) 584 
COMPOUND A - 3 mg/kg 506 

COMPOUND A - 30 mgkg 449 

[0296] Table 4 illustrates blood glucose levels 15 minutes 
after glucose application. Mice Were treated 10 days With 
(—)-cis-6-[4-(2-Ethyl-2H-tetraZol-5-yl)-phenyl]-,8,9 
dimethoXy-1 ,2,3,4,4a, 1 0b -hexahydrophenanthridine (COM 
POUND D). 

TABLE 4 

Blood glucose [mg/d1] 

Vehicle (4% methocel) 490 
COMPOUND A - 3 mg/kg 437 

COMPOUND A - 30 mgkg 285 

[0297] Table 5 illustrates fasting blood glucose levels and 
blood glucose levels 15 minutes after glucose application. 
Mice Were treated 56 days With COMPOUND A. 

TABLE 5 

Blood glucose mg/dl 

15 min after glucose 
fasting application 

Vehicle (4% methocel) 299 590 
COMPOUND A - 3 mg/kg 279 580 
COMPOUND A - 30 mgkg 193 352 

[0298] Table 6 illustrates fasting lactate levels in serum 
and lactate levels 15 minutes after glucose application. Mice 
Were treated 56 days With COMPOUND A. 

TABLE 6 

Lactate mg/dl 

15 min after glucose 
fasting application 

Vehicle (4% methocel) 51 49 
COMPOUND A - 3 mg/kg 49 70 
COMPOUND A - 30 mgkg 43 61 

SUMMARY 

[0299] A 10 days treatment With SELECTED PDE4 
lNHlBlTORs has been demonstrated to reduce postprandial 
blood glucose levels in db/db mice in accordance With the 
biochemical test methods detailed hereinbefore. A 56 days 
treatment With SELECTED PDE4 lNHlBlTORs resulted in 
reduced fasting and postprandial blood glucose levels With 
only moderate increases of postprandial lactate levels. 
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1-59. (canceled) 
60. A method for treating diabetes mellitus type 2 in a 

patient, comprising administering to a patient in need 
thereof an effective amount of a SELECTED PDE4 INHIBI 
TOR. 

61. The method of claim 60, Wherein the SELECTED 
PDE4 INHIBITOR comprises N-(3,5-Dichloropyrid-4-yl) 
3-cyclopropylmethoxy-4-di?uoromethoXybenZamide. 

62. A method for treating diabetes mellitus type 2 in a 
patient, comprising administering to a patient in need 
thereof an effective amount of a SELECTED PDE4 INHIBI 
TOR that is N-(3,5-Dichloropyrid-4-yl)-3-cyclopropyl 
methoxy-4-di?uoromethoXybenZamide. 

63. The method of claim 62, Wherein administering com 
prises administering the SELECTED PDE4 INHIBITOR in 
a dosage form selected from the group consisting of an oral 
dosage form; an injectable dosage form; and an infusible 
dosage form. 

64. The method of claim 63, Wherein the dosage form 
comprises an oral dosage form. 

65. The method of claim 63, Wherein the dosage form 
comprises an injectable or an infusible dosage form. 

66. A method for treating diabetes mellitus type 2 in a 
patient, comprising administering to a patient in need 
thereof an effective amount of a SELECTED PDE4 INHIBI 

TOR selected from the group consisting of N-(3,5-Dichlo 
ropyrid-4-yl)-3-cyclopropylmethoXy-4-di?uoromethoxy 
benZamide; a pharmaceutically acceptable salt thereof; an 
N-oxide thereof; and a pharmaceutically acceptable salt of 
an N-oxide thereof. 

67. A method for treating diabetes mellitus type 2 and/or 
for treating disorders Which are related to diabetes mellitus 
type 2 in a patient, comprising administering to a patient in 
need thereof an effective amount of a SELECTED PDE4 
INHIBITOR. 

68. The method of claim 67, Wherein the disorders that are 
related to diabetes mellitus type 2 comprise one or more 
disorders selected from the group consisting of hyperten 
sion, hyperlipidemia, hyperuricemia, gout, and hypercoagu 
lability. 

69. The method of claim 67, Wherein the SELECTED 
PDE4 INHIBITOR comprises N-(3.5-Dichloropyrid-4-yl) 
3-cyclopropylmethoxy-4-di?uoromethoXybenZamide. 

70. A method for treating diabetes mellitus type 2 and/or 
for treating disorders Which are related to diabetes mellitus 
type 2 in a patient, comprising administering to a patient in 
need thereof an effective amount of a SELECTED PDE4 
INHIBITOR that is N-(3,5-Dichloropyrid-4-yl)-3-cyclopro 
pylmethoXy-4-di?uoromethoXybenZamide. 

71. The method of claim 70, Wherein said administering 
comprises administering the SELECTED PDE4 INHIBI 
TOR in a dosage form selected from the group consisting of 
an oral dosage form; an injectable dosage form; and an 
infusible dosage form. 

72. The method of claim 71, Wherein the dosage form 
comprises an oral dosage form. 

73. The method of claim 71, Wherein the dosage form 
comprises an injectable or an infusible dosage form. 

74. The method of claim 70, Wherein the disorders that are 
related to diabetes mellitus type 2 comprise one or more 
disorders selected from the group consisting of hyperten 
sion, hyperlipidemia, hyperuricemia, gout, and hypercoagu 
lability. 
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75. A method for treating diabetes mellitus type 2 and/or 
for treating disorders Which are related to diabetes mellitus 
type 2 in a patient, comprising administering to a patient in 
need thereof an effective amount of a SELECTED PDE4 
INHIBITOR selected from the group consisting of N-(3,5 
Dichloropyrid-4-yl)-3-cyclopropylmethoXy-4-di?uo 
romethoXybenZamide; a pharmaceutically acceptable salt 
thereof; an N-oxide thereof; and a pharmaceutically accept 
able salt of an N-oxide thereof. 

76. The method of claim 75, Wherein the disorders that are 
related to diabetes mellitus type 2 comprise one or more 
disorders selected from the group consisting of hyperten 
sion, hyperlipidemia, hyperuricemia, gout, and hypercoagu 
lability. 

77. A method for reducing postprandial hyperglycemia in 
a patient, comprising administering to a patient in need 
thereof an effective amount of a SELECTED PDE4 INHIBI 
TOR. 

78. The method of claim 77, Wherein said administering 
comprises administering an effective amount of the 
SELECTED PDE4 INHIBITOR to the patient daily for at 
least 5 days. 

79. The method of claim 78, Wherein said administering 
comprises administering an effective amount of the 
SELECTED PDE4 INHIBITOR to the patient daily for at 
least 10 days. 

80. The method of claim 79, Wherein said administering 
comprises administering an effective amount of the 
SELECTED PDE4 INHIBITOR to the patient daily for at 
least 56 days. 

81. The method of claim 77, Wherein the SELECTED 
PDE4 INHIBITOR comprises N-(3,5-Dichloropyrid-4-yl) 
3-cyclopropylmethoXy-4-di?uoromethoXybenZamide. 

82. A method for reducing postprandial hyperglycemia in 
a patient, comprising administering to a patient in need 
thereof an effective amount of a SELECTED PDE4 INHIBI 
TOR that is N-(3,5-Dichloropyrid-4-yl)-3-cyclopropyl 
methoxy-4-di?uoromethoXybenZamide. 

83. The method of claim 82, Wherein said administering 
comprises administering the SELECTED PDE4 INHIBI 
TOR in a dosage form selected from the group consisting of 
an oral dosage form; an injectable dosage form; and an 
infusible dosage form. 

84. The method of claim 83, Wherein the dosage form 
comprises an oral dosage form. 

85. The method of claim 83, Wherein the dosage form 
comprises an injectable or an infusible dosage form. 

86. A method for reducing postprandial hyperglycemia in 
a patient, comprising administering to a patient in need 
thereof an effective amount of a SELECTED PDE4 INHIBI 

TOR selected from the group consisting of; N-(3,5-Dichlo 
ropyrid-4-yl)-3-cyclopropylmethoXy-4-di?uoromethoxy 
benZamide; a pharmaceutically acceptable salt thereof; an 
N-oxide thereof; and a pharmaceutically acceptable salt of 
an N-oxide thereof. 

87. A method for reducing fasting hyperglycemia in a 
patient, comprising administering to a patient in need 
thereof an effective amount of a SELECTED PDE4 INHIBI 
TOR. 

88. The method of claim 87, Wherein said administering 
comprises administering an effective amount of the 
SELECTED PDE4 INHIBITOR to the patient daily for at 
least 5 days. 
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89. The method of claim 88, wherein said administering 
comprises administering an effective amount of the 
SELECTED PDE4 INHIBITOR to the patient daily for at 
least 10 days. 

90. The method of claim 89, Wherein said administering 
comprises administering an effective amount of the 
SELECTED PDE4 INHIBITOR to the patient daily for at 
least 56 days. 

91. The method of claim 87, Wherein the SELECTED 
PDE4 INHIBITOR comprises N-(3,5-Dichloropyrid-4-yl) 
3-cyclopropylmethoxy-4-di?uoromethoXybenZamide. 

92. A method for reducing fasting hyperglycemia in a 
patient, comprising administering to a patient in need 
thereof an effective amount of a SELECTED PDE4 INHIBI 
TOR that is N-(3,5-Dichloropyrid-4-yl)-3-cyclopropyl 
methoxy-4-di?uoromethoXybenZamide. 

93. The method of claim 92, Wherein said administering 
comprises administering the SELECTED PDE4 INHIBI 
TOR in a dosage form selected from the group consisting of 
an oral dosage form; an injectable dosage form; and an 
infusible dosage form. 

94. The method of claim 93, Wherein the dosage form 
comprises an oral dosage form. 

95. The method of claim 93, Wherein the dosage form 
comprises an injectable or an infusible dosage form. 

96. A method for reducing fasting hyperglycemia in a 
patient, comprising administering to a patient in need 
thereof an effective amount of a SELECTED PDE4 INHIBI 

TOR selected from the group consisting of; N-(3,5-Dichlo 
ropyrid-4-yl)-3-cyclopropylmethoXy-4-di?uoromethoxy 
benZamide; a pharmaceutically acceptable salt thereof; an 
N-oxide thereof; and a pharmaceutically acceptable salt of 
an N-oxide thereof. 

97. A method for reducing both postprandial hyperglyce 
mia and fasting hyperglycemia in a patient, comprising 
administering to a patient in need thereof an effective 
amount of a SELECTED PDE4 INHIBITOR. 

98. The method of claim 97, Wherein said administering 
comprises administering an effective amount of the 
SELECTED PDE4 INHIBITOR to the patient daily for at 
least 5 days. 
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99. The method of claim 98, Wherein said administering 
comprises administering an effective amount of the 
SELECTED PDE4 INHIBITOR to the patient daily for at 
least 10 days. 

100. The method of claim 99, Wherein said administering 
comprises administering an effective amount of the 
SELECTED PDE4 INHIBITOR to the patient daily for at 
least 56 days. 

101. The method of claim 97, Wherein the SELECTED 
PDE4 INHIBITOR comprises N-(3,5-Dichloropyrid-4-yl) 
3-cyclopropylmethoXy-4-di?uoromethoXybenZamide. 

102. A method for reducing both postprandial hypergly 
cemia and fasting hyperglycemia in a patient, comprising 
administering to a patient in need thereof an effective 
amount of a SELECTED PDE4 INHIBITOR that is N-(3, 
5-Dichloropyrid-4-yl)-3-cyclopropylmethoXy-4-di?uo 
romethoXybenZamide. 

103. The method of claim 102, Wherein said administer 
ing comprises administering the SELECTED PDE4 
INHIBITOR in a dosage form selected from the group 
consisting of an oral dosage form; an injectable dosage 
form; and an infusible dosage form. 

104. The method of claim 103, Wherein the dosage form 
comprises an oral dosage form. 

105. The method of claim 103, Wherein the dosage form 
comprises an injectable or an infusible dosage form. 

106. A method for reducing both postprandial hypergly 
cemia and fasting hyperglycemia in a patient, comprising 
administering to a patient in need thereof an effective 
amount of a SELECTED PDE4 INHIBITOR selected from 

the group consisting of N-(3,5-Dichloropyrid-4-yl)-3-cyclo 
propylmethoxy-4-di?uoromethoxybenZamide; a pharma 
ceutically acceptable salt thereof; an N-oxide thereof; and a 
pharmaceutically acceptable salt of an N-oxide thereof. 


